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Additional methodological details 

CIMT measurements 

Image reading was performed in two vascular labs by experienced readers following a defined 
reading protocol:  

Ultrasound analyses at Imagelabonline: DICOM B-mode images were analysed using 
SAPALDIA Fukuda dedicated eTrack ultrasound image analysis software, a semi-automated 
quantitative and qualitative analysis software (de Groot et al 1998). 

Ultrasound analyses at DSBG: Detailed information about ultrasound examination and 
evaluation process are described elsewhere (Caviezel et al 2013, Teynor et al 2012). Briefly, 
the CCA far wall of single B-mode images (stills) and sequential B-mode images (clips) were 
analysed with the validated DYnamic ARtery Analysis (DYARA) software and mean CIMT 
was measured in a standardized 1cm segment proximal to the bulb in one image (stills) or 
across at least one heart cycle (clips) (Teynor et al 2012). Reproducibility of mean CIMT was 
evaluated in a random sample of 165 SAPALDIA3 participants whereby stills and clips 
showed a coefficient of variation of 3.95% (3.45–4.44) and 3.98% (3.52–4.44) and an 
intraclass correlation coefficient of 0.89 (0.86–0.92) and 0.89 (0.87–0.93), respectively 
(Caviezel et al 2013). 

Following the Mannheim Consensus, measurement regions containing plaques and images 
with insufficient quality were excluded from analysis (Touboul et al 2012). 

Potential confounders and effect modifiers 

The following covariate information was obtained from the computer-assisted personal 
interviews performed at SAPALDIA2 and 3 examinations: age, sex, educational level 
(low/middle/high), current and past smoking status (never smoker/former smoker/current 
smoker), pack-years of cigarettes smoked, exposure to environmental tobacco smoke during 
the year prior to the examination (yes/no), alcohol intake (several times per week/less than 
several times per week), moderate physical activity at SAPALDIA3 (sufficiently active/not 
sufficiently active) and change between SAPALDIA2 and 3 (inactive 
mantainer/relapser/adopter/active mantainer), doctor-diagnosed CVD (yes/no), and intake of 
antihypertensive and lipid-lowering medication (yes/no). We also obtained information on 
relevant co-morbidities in SAPALDIA2, namely diabetes (defined as having at least one of 
the following: self-reported doctor-diagnosed diabetes, intake of any anti-diabetic medication, 
non-fasting glucose levels > 11.1 mmol/L, or glycosylated hemoglobin C [HbA1c] > 6.5% or 
48 mmol/mol) (Eze et al 2014), and chronic obstructive pulmonary disease (COPD, defined 
using the Global Initiative for Chronic Obstructive Lung Disease [GOLD] fixed cut-off 
criterion: ratio of forced expiratory volume in 1 s over forced vital capacity [FEV1/FVC] < 
0.70). 
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The following covariate information was obtained through health examinations in 
SAPALDIA2 and 3. Body mass index (BMI, kg/m2) was calculated using weight and height 
measured in each examination. BP was measured twice in the sitting position after a 10-
minute rest with an interval of at least 3 minutes, and the mean of both systolic and diastolic 
BP measurements was calculated. Non-fasting cardio-metabolic and renal function 
biomarkers (glucose, total cholesterol, LDL and HDL cholesterol, triglycerides and creatinine) 
were available for subjects in SAPALDIA2 only (Ackermann-Liebrich et al 2005).  

We also considered traffic noise as a potential confounder. Annual averages of traffic noise 
(equivalent continuous A-weighted levels) during night (22:00 to 06:00) at the participants' 
residential addresses were obtained from the SonBase Swiss model (Swiss Federal Office for 
the Environment 2009). Noise exposure estimates were available for the residential addresses 
at the SAPALDIA2 examination only.     

Statistical analysis 

A set of predetermined variables was tested for effect modification in the main models, 
namely sex, age (≥ and < 60 years), BMI (≥ and < 30 kg/m2), educational level, smoking 
status, moderate physical activity, CVD and other co-morbidities (diabetes, COPD), and 
medication (antihypertensive and lipid-lowering). We also evaluated whether the association 
between air pollution and CIMT depended on the CVD risk at SAPALDIA2. For this purpose, 
we calculated the European Society of Cardiology heart risk score (SCORE) algorithm 
estimating the 10-year risk of a fatal event (Conroy et al 2003), based on data from 
SAPALDIA2 (age, smoking status, BP and cholesterol, separately by sex) (Dratva et al 2014), 
and tested for effect modification across two levels of risk (≥ and < 5%). Statistical 
significance of effect modification was set at P-value < 0.10. 

In clinical settings, the upper tail of the CIMT distribution has particular relevance. To 
investigate the association between air pollution exposure and the risk of having substantially 
thickened artery walls, the outcome was defined as CIMT above the 75th percentile of the 
cohort-specific predicted value according to sex, age and BMI. These analyses relied on 
mixed logistic models with random effects. Predicted CIMT values were derived using 
quantile regression in the subsample of subjects without CVD and diabetes in SAPALDIA2 
(n=1100). 

Because residential exposures to PNC, LDSA and source-specific PM2.5 were estimated using 
the address at SAPALDIA3, a sensitivity analysis was performed excluding subjects who had 
changed their residential addresses between SAPALDIA2 and 3. We assume misclassification 
of the long-term exposure to be less of an issue among non-movers. It was within this subset 
of non-movers where we were able to also adjust for exposure to night-time traffic noise 
(estimated at the SAPALDIA2 address), assuming that the spatial differences in noise levels 
remained rather stable over the follow-up period. 
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We focused the analysis on the mean CIMT measurements obtained using the NATIVE clips 
from DSGB. For comparison purposes with previous studies on air pollution and CIMT, we 
also conducted a sensitivity analysis using CIMT measurements from the static reading 
method (NATIVE image stills from DSBG and DICOM B-Mode image stills from 
Imagelabonline). 

Results from the mixed linear and logistic models are reported as percent change in CIMT and 
odds ratio (OR) of CIMT > 75th percentile, respectively, associated with an interdecile range 
(10th to 90th percentile) increase in air pollution exposure. For PM10 and PM2.5, associations 
are also reported for a 10 µg/m3 increase to allow for comparison of associations with 
exposures between SAPALDIA2 and 3 and exposures during the last year before the CIMT 
assessment (Table S5 and Figure S3). 
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Table S1. Characteristics of the SAPALDIA study subjects aged 50 years or older included in 

the studya and those excluded, presented as percent or mean ± standard deviation  

Characteristics Subjects 
included  
(n=1503) 

Subjects 
excluded 
(n=999) 

p-valueb 

Study area   <0.001 
    Basel 22.0 26.9  
    Geneva 14.3 19.6  
    Lugano 25.7 24.6  
    Wald 38.0 28.8  
Age (yrs) 63.9±8.2 65.3±8.9 <0.001 
Women  53.0 57.3 0.04 
Educational status    <0.001 
    Low (primary education) 5.5 10.4  
    Middle (secondary or vocational 
education) 

64.2 65.2  

    High (technical college or 
university) 

30.3 24.3  

Smoking status in S2   0.12 
     Never smoker 43.6 39.7  
     Former smoker 34.1 35.3  
     Current smoker 22.2 25  
Smoking pack-years from S2 to S3  1.12±2.95 1.4±3.4 0.07 
Exposed to ETS in the last year 12.8 15.3 0.08 
Alcohol intake in S3, several times 
per week 

44.7 44.2 0.84 

Moderate physical activity category change between 
S2 and S3 

 0.11 

     Inactive mantainer  26.5 26.2  
    Relapser 17.1 22.3  
    Adopter 21.7 19  
    Active mantainer 34.6 32.6  
Moderate physical activity in S3, 
sufficiently active 

56.0 51.3 0.06 

BMI in S2 (kg/m2) 25.6±4.0 27.0±4.9 <0.001 
BMI in S3  (kg/m2) 26.3±4.4 28.2±5.6 <0.001 
Systolic blood pressure in S2 (mm 
Hg) 

127.8±18.8 130.8±19.9 0.002 

Systolic blood pressure in S3 (mm 
Hg) 

134.9±18.9 135.8±19.2 0.24 

Total cholesterol in S2 (mg/dL) 236.5±41.4 238.8±42.6 0.36 
HDL in S2 (mg/dL) 59.1±17.4 58.3±18.2 0.30 
Triglycerides in S2 (mg/dL) 155.1±97.6 176.8±124.4 <0.001 
Creatinine in S2 (mg/dL) 0.99±0.14 0.99±0.14 0.90 
CVD risk SCOREc in S2, 10-yr risk 
≥ 5% 

5.7 9.0 <0.001 
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Doctor-diagnosed CVD in S2  24.6 31.5 <0.001 
Diabetesd in S2 3.9 6.6 <0.001 
COPDe in S2 22.1 25.0 0.17 
Antihypertensive medication in S3 33.1 35.0 0.39 
Lipid modifier medication in S3 20.1 20.8 0.72 

a Subjects with valid air pollution exposure estimates, who participated in both SAPALDIA2 (S2) and 

SAPALDIA3 (S3), had CIMT measurements, and complete information in covariates included in the 

main model.  

b P-value of the difference between the two groups using Chi-square or Mann-Withney test. 
c Score for a 10-year risk of a fatal event 13.  
d Defined as having at least one of the following: self-reported doctor-diagnosed diabetes, intake of 

any anti-diabetic medication, glucose levels > 11.1 mmol/L, or HbA1c > 6.5% or 48 mmol/mol. 
e Defined as FEV1/FVC < 0.70. 
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Figure S1. Scatter plots of log-transformed mean CIMT values by air pollutant 
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Table S2. Pearson correlation coefficients between air pollution exposure estimates 

 PM10  
between  
S2 and 

S3 

PM10  
last 
year 

PM2.5   
between  
S2 and 

S3 

PM2.5  
last 
year 

PM2.5 -  
Vehicular  

source 

PM2.5 -  
Crustal  
source 

PNC LDSA 

PM10 between 
S2 and S3 

1        

PM10 last yeara 0.90 1       
PM2.5  between 
S2 and S3 

0.97 0.89 1      

PM2.5 last yeara 0.93 0.93 0.96 1     
PM2.5 - 
Vehicular 
source 

0.72 0.85 0.80 0.82 1    

PM2.5 - Crustal 
source 

0.73 0.91 0.75 0.78 0.89 1   

PNC 0.85 0.90 0.86 0.88 0.86 0.83 1  
LDSA 0.93 0.91 0.94 0.94 0.82 0.79 0.96 1 
a Average of the 365 days before the CIMT examination date. 



 11 

Table S3. Estimated percent change in CIMT (95% CI) associated with the residuals obtained 
from: (a) regressing PNC estimates against PM10, PM2.5 and LDSA estimates, and (b) 
regressing LDSA estimates against PM10, PM2.5 and PNC estimates. 

Modela N % change (95% CI) 
Residuals of PNC vs. PM10  last yearb

 1447 1.55 (-3.04, 6.15) 
Residuals of PNC vs. PM2.5  last yearb 1447 0.27 (-4.23, 4.78) 
Residuals of PNC vs. LDSA 1449 -0.13 (-8.01, 7.74) 
Residuals of LDSA vs. PM10  last yearb

 1447 2.42 (-3.09, 7.93) 
Residuals of LDSA vs. PM2.5  last yearb 1447 0.43 (-5.79, 6.66) 
Residuals of LDSA vs. PNC 1449 1.42 (-7.35, 10.20) 

*aAdjusted for sex, age (centered), sex-age interaction, educational level, smoking status at S2, 

smoking pack-years between S2 and S3 (centered), (smoking pack-years between S2 and S3)2, BMI at 

S2 (centered), (BMI at S2)2, BMI at S3 (centered), and (BMI at S3)2. 
b Average of the 365 days before the CIMT examination date. 
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Table S4. Associations (expressed as ORs with 95% CIs) between an interdecile range 

increase in air pollution exposures and CIMT > cohort-specific 75th percentilea, for the entire 

sample and for non-movers 

 All subjects Non-movers 
Exposure (P90-P10 increase) N OR (95% CI) N OR (95% CI) 
Average PM10 between S2 and S3 (increase of 10 µg/m3) 
Model 1 (crude) 1491 1.23 (0.88, 1.72) 1101 1.40 (0.77, 2.54) 
Model 2 (main)b 1491 1.17 (0.86, 1.60) 1101 1.35 (0.72, 2.51) 
Model 3b 1443 1.19 (0.87, 1.64) 1063 1.41 (0.73, 2.74) 
Model 4b 1340 1.22 (0.84, 1.79) 983 1.46 (0.75, 2.85) 
Model 5b n/a 983 1.64 (0.74, 3.64) 
Average PM10 of the last yearc (increase of 5.5 µg/m3) 
Model 1 (crude) 1500 1.22 (0.92, 1.62) 1102 1.50 (0.92, 2.45) 
Model 2 (main)b 1500 1.17 (0.87, 1.56) 1102 1.44 (0.87, 2.38) 
Model 3b 1452 1.18 (0.88, 1.59) 1064 1.50 (0.90, 2.50) 
Model 4b 1348 1.20 (0.87, 1.65) 984 1.51 (0.91, 2.52) 
Model 5b n/a 984 1.66 (0.94, 2.95) 
Average PM2.5 between S2 and S3 (increase of 5.6 µg/m3) 
Model 1 (crude) 1491 1.30 (0.94, 1.79) 1101 1.48 (0.85, 2.57) 
Model 2 (main)b 1491 1.23 (0.89, 1.70) 1101 1.43 (0.80, 2.53) 
Model 3b 1443 1.25 (0.90, 1.74) 1063 1.50 (0.82, 2.76) 
Model 4b 1340 1.31 (0.92, 1.87) 983 1.59 (0.85, 2.99) 
Model 5b n/a 983 1.74 (0.86, 3.52) 
Average PM2.5 of the last yearc (increase of 4.2 µg/m3) 
Model 1 (crude) 1500 1.23 (0.89, 1.69) 1102 1.48 (0.85, 2.59) 
Model 2 (main)b 1500 1.15 (0.84, 1.58) 1102 1.39 (0.79, 2.44) 
Model 3b 1452 1.17 (0.85, 1.62) 1064 1.45 (0.81, 2.61) 
Model 4b 1348 1.20 (0.89, 1.82) 984 1.49 (0.82, 2.71) 
Model 5b n/a 984 1.58 (0.83, 3.03) 
Vehicular source of PM2.5, biennial averaged 
Model 1 (crude) 1503 1.28 (0.97, 1.69) 1102 1.45 (1.04, 2.00) 
Model 2 (main)b 1503 1.25 (0.94, 1.65) 1102 1.40 (1.00, 1.97) 
Model 3b 1455 1.28 (0.96, 1.71) 1064 1.49 (1.05, 2.11) 
Model 4b 1351 1.33 (0.98, 1.81) 984 1.62 (1.12, 2.35) 
Model 5b n/a 984 1.79 (1.20, 2.66) 
Crustal source of PM2.5, biennial averaged 
Model 1 (crude) 1503 1.18 (0.88, 1.58) 1102 1.48 (1.02, 2.15) 
Model 2 (main)b 1503 1.14 (0.84, 1.53) 1102 1.44 (0.97, 2.13) 
Model 3b 1455 1.15 (0.85, 1.56) 1064 1.50 (0.99, 2.23) 
Model 4b 1351 1.15 (0.83, 1.60) 984 1.54 (0.98, 2.43) 
Model 5b n/a 984 1.68 (1.03, 2.73) 
PNC, biennial averaged (increase of 12,639 particles/cm3) 
Model 1 (crude) 1449 1.17 (0.86, 1.59) 1080 1.21 (0.76, 1.90) 
Model 2 (main)b 1449 1.13 (0.83, 1.54) 1080 1.15 (0.72, 1.85) 
Model 3b 1402 1.17 (0.85, 1.62) 1042 1.25 (0.76, 2.05) 
Model 4b 1302 1.28 (0.90, 1.80) 964 1.38 (0.82, 2.34) 
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Model 5b n/a 964 1.54 (0.84, 2.80) 
LDSA, biennial averaged (increase of 30.5 µm²/cm³) 
Model 1 (crude) 1449 1.20 (0.88, 1.64) 1080 1.25 (0.77, 2.03) 
Model 2 (main)b 1449 1.14 (0.83, 1.56) 1080 1.17 (0.70, 1.94) 
Model 3b 1402 1.18 (0.85, 1.63) 1042 1.25 (0.73, 2.16) 
Model 4b 1302 1.24 (0.88, 1.77) 964 1.31 (0.73, 2.34) 
Model 5b n/a 964 1.42 (0.74, 2.71) 

a Cohort-specific 75th percentile modeled by quantile regression as a function of  sex, age and BMI in 

subjects without cardiovascular disease and diabetes.  
b Model 2 was adjusted for educational level, smoking status at S2 and smoking pack-years between 

S2 and S3 (centered); model 3 was additionally adjusted for exposure to environmental tobacco 

smoke, alcohol intake and physical activity (all in S3); model 4 was additionally adjusted for diabetes 

in S2, systolic blood pressure in S2 and S3 (centered), HDL cholesterol in S2 (centered), creatinine in 

S2 (centered), and intake of antihypertensive and lipid modifier medication in S3; model 5 (applied to 

non-movers only) was additionally adjusted for exposure to night-time traffic noise at the residential 

address reported in S2.  
c Average of the 365 days before the CIMT examination date. 
d Exposure estimated for the 2011–2012 period. Sources of PM2.5 are expressed as a score derived 

from principal-component factor analysis. 3 
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Figure S2. Comparative analysis of percent change in CIMT (95% CI) associated with an 

interdecile range increase in exposure estimates using three sources of CIMT data from two 

reading centres. Model 1 is crude effects model. Model 3 (main) is adjusted for sex, age 

(centered), sex-age interaction, educational level, smoking status at S2, smoking pack-years 

between S2 and S3 (centered), (smoking pack-years between S2 and S3)2, BMI at S2 

(centered), (BMI at S2)2, BMI at S3 (centered), and (BMI at S3)2. Model 5 is additionally 

adjusted for exposure to environmental tobacco smoke in S3, alcohol intake in S3, physical 

activity in S3, diabetes in S2, systolic blood pressure in S2 and S3 (centered), HDL 

cholesterol in S2 (centered), creatinine in S2 (centered), and intake of antihypertensive and 

lipid modifier medication in S3. All associations for image stills from Imagelabonline are also 

adjusted by field worker.  
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Table S5. Estimated percent change in CIMT (95% CI) associated with a 10 µg/m3 increase 
in PM10 and PM2.5 exposures, for the entire sample and for non-movers. 

 All subjects Non-movers 
 N % change (95% CI) N % change (95% CI) 
Average PM10 between S2 and S3 (10 µg/m3 increase) 
Model 1 (crude) 1491 4.00 (1.70, 6.29) 1101 4.37 (1.64, 7.09) 
Model 3 (main)a 1491 2.34 (0.28, 4.40) 1101 2.23 (-0.21, 4.68) 
Average PM10 of the last yearb (10 µg/m3 increase) 
Model 1 (crude) 1500 5.52 (1.70, 9.33) 1102 7.24 (2.61, 11.87) 
Model 3 (main)a 1500 2.86 (-0.55, 6.28) 1102 4.02 (-0.13, 8.18) 
Average PM2.5 between S2 and S3 (10 µg/m3 increase) 
Model 1 (crude) 1491 7.98 (3.76, 12.20) 1101 8.45 (3.45, 13.45) 
Model 3 (main)a 1491 4.68 (0.89, 8.47) 1101 4.58 (0.08, 9.08) 
Average PM2.5 of the last yearb (10 µg/m3 increase) 
Model 1 (crude) 1500 9.43 (3.99, 14.86) 1102 11.06 (4.51, 17.62) 
Model 3 (main)a 1500 4.96 (0.09, 9.83) 1102 6.07 (0.18, 11.96) 

a Adjusted for sex, age (centered) and sex-age interaction, educational level, smoking status at S2, 

smoking pack-years between S2 and S3 (centered), (smoking pack-years between S2 and S3)2, BMI at 

S2 (centered), (BMI at S2)2, BMI at S3 (centered) and (BMI at S3)2. 
b Average of the 365 days before the CIMT examination date. 
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Figure S3. Estimated percent change in CIMT (95% CI) associated with a 10 µg/m3 increase 

in PM10 and PM2.5 exposures within subgroups of selected covariates. Associations are 

adjusted for sex, age (centered), sex-age interaction, educational level, smoking status at S2, 

smoking pack-years between S2 and S3 (centered), (smoking pack-years between S2 and 

S3)2, BMI at S2 (centered), (BMI at S2)2, BMI at S3 (centered), and (BMI at S3)2. Red 

asterisk indicates a statistically significant effect modification by the covariate. 
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